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We study the muon anomalous magnetic moment in an electroweak model based on the gauge symmetry
SU(4)L⊗U(1)N , which has right-handed neutrinos in its spectrum, and no flavor changing neutral currents at
tree level. We discuss relevant collider and electroweak constraints on the model, and derive the most stringent
upper bounds on the scale of symmetry breaking based on the corrections to the muon magnetic moment. We
conclude that a scale of symmetry breaking of around 2TeV might explain the muon magnetic moment anomaly.
In case the anomaly is otherwise resolved, using the current and projected sensitive of g-2 experiments, we rule
out scales of symmetry breaking smaller than 3.5 TeV (5.5 TeV) at 1σ level.
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2I. INTRODUCTION
Considering the astonishing agreement between its predictions and the experimental data, the Standard Model (SM) is up
to now the best theory we have to understand the properties and interactions of the elementary particles. However very high
precision measurements establish a strong test of the SM predictions, leading us to consider quantum corrections that cannot be
disregarded more. Measuring the magnetic moments of elementary particles, especially of the muon, is one of the best examples
of how to investigate new physics that can account for the experimental data.
The Dirac equation predicts that the magnetic dipole moment ~µ of a spin ~S =
1
2
particle such as the muon is given by:
~µ = gµ
e
2mµ
~S, (1)
with gyromagnetic ratio gµ = 2. Loop-level corrections generate little deviations from 2 – the anomalous magnetic moment,
parametrized by aµ = (gµ − 2)/2. Within the Standard Model framework this deviation can be precisely predicted and it is
generally divided into three parts, aSMµ = a
QED
µ + a
EW
µ + a
HAD
µ [1]. The QED correction, which is by far the dominant
contribution in the SM, includes all photonics and leptonics loops. Starting with the α2pi Schwinger contribution, it has been
computed through 4 loops and estimated at the 5-loops[2–10]. Loop contributions involving heavy W±, Z or the Higgs particle
are labeled as aEWµ and are suppressed by at least a factor ∼ αpi
m2µ
M2W
. The hadronic contributions are associated with quarks and
gluons loops and can not be calculated by first principles.
The aµ has been measured reaching the level of 0.54 ppm. The present difference ∆aµ = aexpµ − aSMµ = 295± 81× 10−11
yields a 3.6σ discrepancy[11–13], suggesting the existence of new physics that accounts for it. However the large theoretical
uncertainties can overshadow the significance of this discrepancy [14]. Theoretical enhancements along with the projected
experimental sensitivity for the g− 2 experiment at Fermilab possibly reach ∆aµ = 295± 34× 10−11, enhancing the signal up
to 5σ [14, 15].
As known, there are crucial non-addressed issues such as the neutrino masses and dark matter that motivate us to extend
the SM. The 3.6σ discrepancy provides a hint of new physics too, and might be accomplished in extensions of the SM. The
gauge structure of a model determines how the fermions can interact. The SM electroweak sector has the group structure
SU(2)L⊗U(1)Y , where left-handed fermionic fields are organized in doublets and the right-handed ones, except for neutrinos,
are singlets by the SU(2)L symmetry. The scalar sector consists in a Higgs SU(2)L doublet, that generates masses for gauge
bosons and fermions except for neutrinos. In order to have massive neutrinos and address another open questions, we must extend
the SM. Compelling extensions concerning the electroweak gauge sector place the right-handed fields in the same multiplet than
the left-handed ones, by means of the charge conjugation. These models have a SU(3)L ⊗ U(1)N symmetry [16, 17]. As
this extension does not have right-handed neutrinos, there is not a “build-in” mechanism for generation of neutrino masses. In
order to generate neutrino masses, deviations from the former proposal, where νc, ν and e are in the same multiplet of SU(3),
are required [18, 19]. Frameworks based on the SU(3)c ⊗ SU(3)L ⊗ U(1)N gauge symmetry, called 3-3-1 for short, can
provide plausible dark matter candidates in the context of Higgs Portal [20–25] and Z ′ portal [26–30], setting aside the direct
detection controversy that has been happening regarding the low energy events [31], possibly explaining the Galactic Center
excess observed in the Fermi-LAT data [32–34], address the dark radiation non-thermal dark matter production [35–39], and
even reproducing the mild Hγγ excess [40–42], among others [43–64].
An attempt to introduce the right-handed neutrinos in a more elegant way has lead to an extension of 3-3-1 models, namely
3-4-1, where ν, e, νc and ec are in the same multiplet of a SU(4)L⊗U(1)N electroweak theory [65]. This is the kind of models
we will treat here. Several works have considered the muon anomalous magnetic moment in 3-3-1 models [66–68], but there is
lack of results in the context of 3-4-1 frameworks. Our goal here is to assess whether this model is capable of addressing the
excess reported in the muon magnetic moment with respect to the SM prediction, and derive robust bounds on the model in light
of the upcoming g-2 experiment at Fermilab. We start by briefly discussing the key aspects of this model, which are relevant for
the muon magnetic moment. For extended references on this model we recommend [69–72]
II. MODEL SU(4)L ⊗ U(1)N
A. Electric Charge Operator
The gauge symmetry in question is anomaly free and it yields the electric charge operator defined as [65],
Q =
1
2
(λ3 − 1√
3
λ8 − 2
3
√
6λ15) +N, (2)
3where,
λ3 = diag(1,−1, 0, 0), λ8 = ( 1√
3
)diag(1, 1,−2, 0), λ15 = ( 1√
6
)diag(1, 1, 1,−3). (3)
B. Fermion Content
In this model, we have left and right-handed charged leptons and neutrinos in the same SU(4)L multiplet, that transform
as (1, 4, 0). In order to avoid anomalies, we must have the same number of 4 and 4∗ multiplets, and the sum of the fermions
charges must be zero. So, the quark sector consists of one generation transforming as (3, 4,+2/3), and the two others as
(3, 4∗,−1/3) [65]. To accomplish this, we have two new quarks u′ and J with charges +2/3 and +5/3 respectively, and
another four j2,3 and d′2,3 with charges −4/3 and −1/3, respectively. Concerning the right-handed quarks, they are all singlets
under SU(4)L ⊗ U(1)N . Then, the fermion content is
faL =
 νalaνca
lca

L
∼ (1, 4, 0), Q1L =
 u1d1u′
J

L
∼ (3, 4,+2/3), QαL =
 jαd′αuα
dα

L
∼ (3, 4∗,−1/3), (4)
where a is the flavor index. As in the SU(3)c ⊗ SU(3)L ⊗ U(1)N case, the number of families (Nf ) must be divisible by the
number of color degrees of freedom (n), the simplest alternative being n = Nf = 3. Hence, a = 1, 2, 3 and α = 2, 3
C. Scalar Sector
In order to generate masses for the quarks the following scalar multiplets are introduced:
η =

η01
η−1
η02
η+2
 ∼ (1, 4, 0), ρ =

ρ+1
ρ0
ρ+2
ρ++
 ∼ (1, 4,+1), χ =

χ−1
χ−−
χ−2
χ0
 ∼ (1, 4,−1). (5)
The spontaneous symmetry breaking process occurs with 〈η〉 = (v/√2, 0, 0, 0), 〈ρ〉 = (0, u/√2, 0, 0), and 〈χ〉 =
(0, 0, 0, w/
√
2).
As for the charged leptons masses, they arise through terms as f¯ cLfL ∼ (6A ⊕ 10S). A Higgs multiplet transforming as
(1, 10∗, 0) has been chosen because the sextet leaves one lepton massless and the others degenerates [65]:
H =

H01 H
+
1 H
0
2 H
−
2
H+1 H
++
1 H
+
3 H
0
3
H02 H
+
3 H
0
4 H
−
4
H−2 H
0
3 H
−
4 H
−−
2
 ∼ (1, 10∗, 0). (6)
To preclude mixing among SM and the exotic quarks an extra multiplet η′ has been used, transforming as η, but with different
vacuum expectation value (VEV), 〈η′〉 = (0, 0, v′/√2, 0). Concerning the neutrinos masses they are generated with〈H02,3,4〉 =
v′′. With those assignments SU(4)L⊗U(1)N breaks down to SU(3)L⊗U(1)N ′ through the χmultiplet. The SU(3)L⊗U(1)N ′
symmetry is broken down into U(1)em via ρ, η, η′ and H Higgs.
The Yukawa Lagrangian is,
− LY = 1
2
Gabf caLfbLH + F1kQ¯1LukRη + FαkQ¯αLukRρ
∗
+ F ′1kQ¯1LdkRρ+ F
′
αkQ¯αLdkRη
∗ + h1Q¯1Lu′Rη
′ + hαβQ¯αLd′βRη
′∗
+ Γ1Q¯1LJRχ+ ΓαβQ¯αLjβLχ
∗ +H.c., (7)
where a, b = e, µ, τ ; k = 1, 2, 3; and α, β = 2, 3, give us the following muon interactions:
4LY ⊃ −1
2
Gabf caLHfbL −
1
2
G∗bafbLH
†f caL
⊃ −Gab
2
[νcaL(H
+
1 lbL +H
−
2 l
c
bL) + l
c
aL(H
+
1 νbL +H
++
1 lbL +H
+
3 ν
c
bL +H
0
3 l
c
bL)
+νaL(H
+
3 lbL +H
−
4 l
c
bL) + laL(H
−
2 νbL +H
0
3 lbL +H
−
4 ν
c
bL +H
−−
2 l
c
bL)
−1
2
G∗ba[νbL(H
−
1 l
c
aL +H
+
2 laL) + lbL(H
−
1 ν
c
aL +H
−−
1 l
c
aL +H
−
3 νaL +H
0
3 laL)
+νcbL(H
−
3 l
c
aL +H
+
4 laL) + l
c
bL
(H+2 ν
c
aL +H
0
3 l
c
aL +H
−
4 νaL +H
++
2 laL)] (8)
D. Gauge Sector
1. Charged Current
Because of the gauge group is a SU(4)L ⊗ U(1)N there are 15 W iµ, i = 1, ..., 15 gauge bosons associated with SU(4)L and
a singlet Bµ associated with U(1)N . The physical charged gauge bosons −
√
2W+ = W 1 − iW 2, −√2V −1 = W 6 − iW 7,
−√2V −2 = W 9 − iW 10, −
√
2V −3 = W
13 − iW 14, −√2U−− = W 11 − iW 12 and√2X0 = W 4 + iW 5 induce the following
charged current muon interactions:
LCCl ⊃ −
g√
2
[νγµ(1− γ5)µW+µ + νcγµ(1− γ5)µV +1µ + µcγµ(1− γ5)νcV +2µ + µcγµ(1− γ5)µU++µ ] +H.C. (9)
2. Neutral Current
After the spontaneous symmetry breaking the neutral gauge bosons mix and have a mass matrix in the basisW 3,W 8,W 15, B
given by,
g2
4

v2+u2+v′′2 1√
3
(v2−u2−v′′2) 1√
6
(v2−u2+2v′′2) −2tu2
1√
3
(v2−u2−v′′2) 13 (v2+4v′2+u2+v′′2) 13√2 (v2−2v′2+u2−2v′′2) 2√3 tu2
1√
6
(v2−u2+2v′′2) 1
3
√
2
(v2−2v′2+u2−2v′′2) 16 (v2 + v′2 + u2 + 9w2 + 4v′′2) 2√6 t(u2 + 3w2)
−2tu2 2√
3
tu2 2√
6
t(u2+3w2) 4t2(u2+w2)
 (10)
where t ≡ g′/g. There are four neutral gauge bosons: the massless photon, and three massive ones: Z,Z ′, ZN such that
MZ < MZ′ < MZN . The lightest one is identified as the SM Z boson. In principle the diagonalization procedure has to be done
numerically. However, an analytic solution can be found by setting v = u = v′′ ≡ v1 and v′ = w ≡ v2, with v2  v1, yielding
[65]
M2n ≈ g2λnv22 , n = 0, 1, 2; (11)
where λn are constants given in the Appendix. The important fact is that n = 0, 1, 2 refers to ZN , Z and Z ′ respectively.
Interestingly we find that both ZN and Z ′ give rise to sizeable contributions to the muon magnetic moment as we shall see
further. For now we present the muon neutral currents,
LNCn = −
g
2cW
(
l¯Lγ
µlLα+ l¯Rγ
µlRβ
)
Zn (12)
where cW ≡ cos θW and α and β couplings presented in the Appendix.
III. CURRENT BOUNDS
Using the LHC7TeV data, bounds on vector doubly-charged gauge bosons of 570 GeV has been placed on their masses [73].
Moreover, analyses based on flavor changing neutral currents processes that might be applicable to this model would exclude
Z ′ masses below 11 TeV [74]. The latter is still sensitive to the parametrization scheme used in the quark sector and also to the
choose of what family of quarks transforms as an anti-4-plet. Thus we use the former as reference.
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FIG. 1. Diagrams that contribute to the muon magnetic moment. Two diagrams coming from doubly charged gauge bosons (a and b) , singly
charged (c) and neutral gauge bosons (d).
IV. MUONMAGNETIC MOMENT
Having said that, in this work our goal is to assess whether this model accommodates the muon magnetic moment and derive
1σ limits based on current and projected sensitivities if applicable. There are new contributions to the muon magnetic moment
arising in this model, namely two singly charged vector bosons V1 and V2 (Fig.1c), a doubly charged gauge boson (Figs.1a-b)
and two neutral gauge bosons (Fig.1d). The corrections coming from charged and neutral scalars are suppressed because their
couplings with the muon are proportional to the muon mass. Hence, they are hereafter ignored. We have explicitly derived all
relevant corrections to the muon magnetic moment in the Appendix. In what follows, we will show the numerical results.
In the upper panel of Fig.2 we exhibit the individual contributions of each one of those particles as a function of their masses.
In the lower panel of Fig.2 we show their contributions as a function of the scale of symmetry breaking of the SU(4)L⊗U(1)N
gauge group. We emphasize that the latter is the most reasonable way to present individual contributions, because the scale
of symmetry breaking is an universal parameter in the model and it sets the masses of the particles. We conclude from Fig.2
that the doubly charged gauge boson (U±±) gives rise to the most relevant contribution (see Appendix for details). The Z ′ and
ZN correction which are proportional to (g2V − 5g2A), due to the relative magnitude of the vector and axial couplings it turns
out to be negative. The singly charged gauge bosons (V +1 , V
+
2 ) contribution is comparable to the Z
′ and ZN one, but positive
though. In the lower panel of Fig.2 the difference between their contributions is more visible, because their masses have different
dependences with the scale of symmetry breaking.
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FIG. 2. Individual contributions to the muon magnetic moment stemming from our model as function of the particles masses (a) and the scale
of symmetry breaking (b). The doubly charged boson contribution is the most relevant one by one order of magnitude, and it is positive.
6In Fig.3 we have combined those individual contributions, despite the insignificance of some of them, and plotted the total
contributions stemming from the model. We find that the total contribution is positive as obviously expected. Because the total
contribution is positive the model can address the muon magnetic moment excess for a scale of symmetry breaking around
2 TeV. Additionally, we may derive 1σ bounds based upon on assumption that the anomaly is otherwise resolved by any other
means, using current and projected sensitivities. With current sensitivity we obtain a 3.5 TeV bound. Moreover, using the
projected sensitive reported by the g-2 Fermilab experiment which is expected to take data in the near future we exclude scales
of symmetry breaking smaller than 5.5 TeV. The latter is the strongest bound on the scale of symmetry breaking of this model
in the literature. Further data from the LHC and g-2 experiments will shed light on the matter, but it is clear the this model is a
plausible explanation to the muon magnetic moment.
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FIG. 3. The total contribution to the muon magnetic moment coming as function of the scale of symmetry breaking. We find it to be positive.
Thus this model can accommodate the muon magnetic moment excess, and in case the anomaly is otherwise resolved with current (projected)
sensitive we find that the scale of symmetry breaking must be greater than 3.5 TeV (5.5 TeV), which is the most stringent bound in the literature
concerning this model.
V. CONCLUSIONS
We studied an electroweak extension of the Standard Model based on the SU(4)L ⊗ U(1)N gauge symmetry with the goal
of computing the correction to the muon magnetic moment stemming from this model. We find that the doubly charged gauge
boson gives by one order of magnitude the most important contribution. Interestingly, its contribution turns out to be positive.
Hence we conclude that such model can address the muon magnetic moment excess with a scale of symmetry breaking of around
2 TeV, and using current sensitivity of experiments we draw a 3.5 TeV bound on the scale of symmetry breaking of the model,
in case the anomaly is otherwise resolved. Furthermore, we estimate a 5.5 TeV limit on the latter, using the project sensitive of
the upcoming g-2 Fermilab experiment. We emphasize that those are the most stringent constraints in the literature found on this
model.
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VI. APPENDIX
A. Masses of the gauge bosons
Coupling constant that appears in the mass of the neutral gauge bosons according to Eq.11.
λn =
1
3
[
A+ 2
(
A2 + 3B
) 1
2 cos
(
2npi + Θ
3
)]
, (13)
7where,
A = 3 + 4t2 + (7 + tt2)a2, B = −2 [1 + 3t2 + 2(4 + 9t2)a2] , (14)
C =
3
32
(1 + 4t2)a2, Θ = arccos
[
2A3 + 9AB + 27C
2(A2 + 3B)
3
2
]
, (15)
and we have defined a ≡ v1/v2, with t = g′/g.
B. Vector and axial couplings
The derivation of the vector and axial couplings is a bit tedious, our results agree with Ref.[65]. Defining,
Znµ ≈ xnW 3µ + ynW 8µ + znW 15µ + wnB, (16)
with
xn = −2a
2
t
· 1− 3t
2 + (1− t2)a2 − (1− 2t2)λn
Dn(t, a)
· wn, (17)
yn =
1√
3t
2(2 + t2)a2 − 10a4t2 − [1 + (1− 4t2)a2]λn
Dn(t, a)
wn, (18)
zn =
1√
6t
· 8(2 + t
2)a2 + 4(3 + 2t2)a4 − 4 [1 + 2(2 + t2)a2]λn + 3λ2n
Dn(t, a)
· wn, (19)
w2n =
1
1 + x2n/w
2
n + y
2
n/w
2
n + z
2
n/w
2
n
, (20)
and finally
Dn(t, a) = 2(7 + 5a
2)− (3 + 13a2)λn + 2λ2n. (21)
The vector and axial couplings can be derived from the Lagrangian
L = − g
2CW
(
l¯Lγ
µlLα+ l¯Rγ
µlRβ
)
Zn, (22)
with
α = −cW
(
−xn + 1√
3
yn +
1√
6
zn +
4
3
wnt
)
+
4
3
cWwnt, β = − 3√
6
Zn. (23)
with Z0 = ZN , Z1 = Z,Z2 = Z ′. We point out that relative difference between the vector and axial couplings for ZN and Z ′
couplings with the muon are not sensitive to the value of a and t chosen, keeping our conclusions the same. After plugging all
values we find that the vector and vector-axial couplings to be: gv = 0.74, ga = 0.42 for the Z ′ boson, and gv = 1.17, ga = 0.63
for the ZN gauge boson. Those values should be plugged in the Eq.(26) to determine the neutral gauge boson contributions to
the muon magnetic moment.
8C. Analytical Expressions for the Muon Magnetic Moment
1. Neutral Vector
The diagram that contributes to the muon anomalous magnetic moment coming from the Z ′ and ZN particles is shown in Fig.
1(d). The contribution is given by [75],
∆aµ(Z
′) =
m2µ
8pi2M2Z′
∫ 1
0
dx
g2v9Pv9(x) + g
2
a9Pa9(x)
(1− x)(1− λ2x) + λ2x, (24)
where λ = mµ/MZ′ and
Pv9(x) = 2x
2(1− x)
Pa9(x) = 2x(1− x) · (x− 4)− 4λ2 · x3. (25)
These integrals simplify to give a contribution of
∆aµ(Z
′) =
m2µ
4pi2M ′2Z
(
1
3
g2v9 −
5
3
g2a9
)
(26)
in the limit MZ′  mµ.
2. Singly Charged Vector
The diagram that contributes to the muon anomalous magnetic moment coming from the gauge bosons V ±1,2 is shown in
Fig.1(c) which result in [75],
∆aµ(W
′) =
1
8pi2
m2µ
M2V +
∫ 1
0
dx
g2v10 Pv10(x) + g
2
a10 Pa10(x)
2λ2(1− x)(1− −2x) + x , (27)
where
Pv10(x) = 2x
2(1 + x− 2) + λ2(1− )2x(1− x)(x+ )
Pa10(x) = 2x
2(1 + x+ 2) + λ2(1 + )2x(1− x)(x− ), (28)
with  = mν/mµ and λ = mµ/MW ′ . This simplifies to
∆aµ(W
′) =
1
4pi2
m2µ
M2W ′
[
g2v10
(
5
6
− mν
mµ
)
+ g2a10
(
5
6
+
mν
mµ
)]
(29)
3. Doubly Charged Vector
The diagrams that contribute to the muon anomalous magnetic moment coming from the doubly-charged vector boson are
shown in the Figs.1(a)-1(b) which result in [75],
∆aµ(U
±±)= 8× 1
8pi2
(
mµ
MU±±
)2 ∫ 1
0
dx
g2v11Pv11(x) + g
2
a11Pa11(x)
λ2(1− x)2 + x
(−4)× 1
8pi2
(
mµ
MU±±
)2 ∫ 1
0
dx
g2v11P
′
v11(x) + g
2
a11P
′
a11(x)
(1− x)(1− λ2x) + λ2x , (30)
where λ = mµ/MU±± , and
Pv11(x) = 2x
2(x− 1)
Pa11(x) = 2x
2(x+ 3) + 4λ2 · x(1− x)(x− 1),
P ′v11(x) = 2x(1− x) · x
P ′a11(x) = 2x(1− x) · (x− 4)− 4λ2 · x3. (31)
9Thus the total doubly-charged vector contribution is,
∆aµ(U
±±) =
m2µ
pi2M2U±±
(−2
3
g2v11 +
16
3
g2a11
)
. (32)
We point out that the vector current of doubly charged gauge bosons vanishes because involve identical fields in agreement
with [66]. In other words, gv11 ≡ 0, and the correction from the doubly charged is thus positive.
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